INTRODUCTION
Previous studies by Andersen (1980) and Wharton & Szawelski (1982) have indicated that the fumarasecatalysed interconversion of L-malate and fumarate does not deviate from simple Michaelis-Menten kinetics. This conclusion seems to be at odds with the studies by Alberty and co-workers (Alberty & Bock, 1953; Alberty et a!., 1954; Taraszka & Alberty, 1964) and themore recent study by Bardsley et al. (1980) . Although Andersen (1980) and Wharton & Szawelski (1982) were careful to prepare substrate solutions of the correct pH, neither of these studies appears to have maintained a constant ionic strength as the substrate concentration was increased. From the results obtained by Frieden et al. (1957) and Alberty & Hammes (1958) it is known that some of the fumarase kinetic parameters are quite sensitive to ionic strength, as might be expected for the reaction of a dianionic substrate. In order to resolve this discrepancy, we have performed experiments similar to those of Andersen (1980) where the ionic strength increased with increasing substrate concentration, and others where the ionic strength was maintained at a constant value by the addition of an inert electrolyte.
MATERIALS AND METHODS
Pig heart fumarase (L-malate hydro-lyase, EC 4.2.1.2) was dialysed several times against 10 mM-sodium phosphate buffer, pH 7.3. Stock L-malate and fumarate solutions were neutralized to pH 7.0 before being added to the miniature motor-stirred 1 cm reaction cell at 25 'C. The pH was measured before and after the reaction to ensure that there were no significant pH changes. The ionic strength was maintained constant as the substrate concentration varied by the addition of NaCl or NaNO3 as indicated. The reaction was started by injecting a small volume of stock enzyme solution into the stirred reaction cell. The reaction was followed at 250 nm by monitoring either the appearance or the disappearance of the fumarate absorption (e = 1.45 mm-cm-'). Initialvelocity measurements were made on a Shimadzu 260 spectrophotometer and were computed from firstderivative time-course plots extrapolated back to zero time. Only the first 2% of the L-malate reaction and the first 8 % of the fumarate reaction were followed, to avoid errors due to build-up of product. The L-malate concentrations ranged from 0.7 to 14.3 mm and the fumarate concentrations from 0.33 to 12.5 mm. Slow decreases in the stock enzyme activity upon storage were corrected for.
RESULTS AND DISCUSSION
Lineweaver-Burk plots for both L-malate ( Fig. 1 ) and fumarate ( Fig. 2 ) both exhibit downward curvature when the ionic strength is held constant. However, when the ionic strength is allowed to increase from 0.102 to 0.132 as the L-malate concentration is increased ( Fig. 1 ) an essentially straight-line plot is obtained. The last result is similar to that obtained by Andersen (1980) and Wharton & Szawelski (1982) , and it leads to incorrect conclusions about the enzyme mechanism. The change in v due to the change in ionic strength is just sufficient to eliminate the curvature of the Lineweaver-Burk plot. For the fumarate reaction the term Vmax/(Ks [E]J) has been reported (Alberty & Hammes, 1958) to decrease by about 70 % for a similar change in ionic strength. When NaNO3 was used instead of NaCl (Fig. 1) to make up the ionic strength no significant change in v was observed, indicating that the curved plots of Figs. 1 and 2 are not due to a specific ion effect. However, there is a strong dependence of the kinetics on the phosphate buffer concentration, as has been previously described (Alberty & Bock, 1953; Alberty et al., 1954) .
The downward curvatures of the Lineweaver-Burk plots at constant ionic strength are characteristic of negative co-operativity (Segel, 1975; Neet, 1980) . This can occur when the binding of a substrate molecule to the enzyme results in a decrease in affinity for the remaining vacant sites. Fumarase is a tetramer (Beeckmans & Kanarek, 1977) , and it is not surprising that its kinetics exhibit co-operativity.
Negative co-operativity can usually be accommodated (Alberty & Bock, 1953; Taraszka & Alberty, 1964; Segel, 1975; Neet, 1980; Bardsley et al., 1980) (1). However, mechanism (2) does provide a useful set ofparameters for comparative purposes. Fumarase isoenzyme heterogeneity (Penner & Cohen, 1971) could also lead to curved Lineweaver-Burk plots.
In summary, these results illustrate the importance of maintaining a constant ionic strength when studying enzyme reactions of ionic species, and indicate that fumarase exhibits negative kinetic co-operativity.
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